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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

PabGouass mporpamMma JUCHUIUIUHBI (MOAYNS)) «APXMTEKTypa BUPTYaJIbHBIX MAIIUH»
COCTaBJIEHA B COOTBETCTBHHM C (hefiepallbHbIM roCy1apCTBEHHBIM 00pa30BaTENbHBIM CTaHIAPTOM
BEICIIEr0 oOpa3oBaHmsi — OakamaBpuar 1o crernuanbHOcTH 38.03.05 busnec-undopmaruka,
npodwis busHec-aHAINTHKA, YTBEP)KICHHbIN NpHKa3oM MHHHCTEpCTBA HAayKM U BBICIIErO
obpazoBanus Poccuiickoit @eaepannu Ne 8§38 ot 29.07.2020 rona.

N3yuenne OUCUMIUIMHBL (MOAYNA) <«ApPXUTEKTYpa BUPTYaJIbHBIX MAIIMH» I03BOJISAET
HOHATH MPUHIMITEI CO3AaHUS M (DYHKIIMOHUPOBAHUS BUPTYATU3UPOBAHHBIX CPEI, YTO SIBISAETCS
OCHOBOM 11 3((PEKTUBHOTO MCIIOJIb30BAaHUSI COBPEMEHHBIX BBIYHUCIUTEIBHBIX PECYPCOB HU
00JIaYHBIX TEXHOJOTHHA. DTO 3HAHHE CIIOCOOCTBYET PAa3BHTHIO HABBIKOB ONTHUMH3AIMU PAaOOTHI
CHUCTEM U TOBBIIICHUIO OE30IAaCHOCTH INPHU pPa3BEPThIBAHUU IIPOrPAaMMHOI0O OOecreyeHus B
U30JIMPOBAHHBIX Cpeax.

MecTo TMCHUIJIMHBI (MOAYJIs1) B CTPYKTYpPe 00pa3oBaTe/ibHOM MPOrpaMMbl

Hacrosmas nucunumninnaa (MOAyiib) BKIIOUYEHA B YU€OHBII TUIaH MO TPOrpaMMe MOATOTOBKU
OakanmaBpuata o Hampasieruto 38.03.05 busnec-undopmaruka, npoduns busnec-ananuTuka
U BXOJUT B BapUaTHUBHYIO dYacTh bioka 1, ¢opmupyemyr ydacTHHKaMU 0Opa3oBaTEIIbHBIX
OTHOIIICHUH.

JucuummHa (MOIyJIb) SIBISIETCS BRBIOOPHOW M JOCTYITHA JUTS M3y4deHus Ha 2, 3 wim 4 Kypce
B 4, 5, 6, 7 unmu 8 cemectpax Ha BbIOOp. [IpoxoxaeHre BO3MOKHO MPH YCIOBUU YCHEIIHOTO
3aBEpIICHUS JUCIUIUINH: «APXUTEKTypa KOMITBIOTEpA M OIEPAIlMOHHBIC CUCTEMBD», «Jlu3aiiH
KOMITHJIATOPOB», «Pa3zpaborka C++y.

Heab wu3yyeHHsi AMCHUIVIMHBI (MOAyJsA). (QOpPMHpPOBAHME 3HAHUH U HABBIKOB
IPOEKTUPOBAaHUS, peanu3auu U 3(P(EKTUBHOIO HCIONb30BaHUS BUPTYAIU3UPOBAHHBIX
BBIYUCIUTENBHBIX Cpel JUIsl ONTUMHU3ALMK paOOThl W YHpPaBICHHUS PEeCypcaMH COBPEMEHHBIX
MH(OPMALIMOHHBIX CUCTEM.

3agaum M3y4eHus AUCHUILIMHBI (MOYJIs1):

— H3Y4uTh PyHIaMEHTaIbHbIE KOHIIETIUN aPXUTEKTYphl BUPTYaJIbHBIX MAIIH, BKIHOYas
MO/JI€IN UCTIOJTHEHU S OalT-KOoa, MEXaHU3MbI HHTEPIIPETAIMY M KOMIMIIALINH, 8 TAK)KE IPUHIUIIBI
BUPTYaJIU3alMH allllapaTHBIX PECYPCOB;

— OCBOUTb METO/IbI aHAJIN3A U ONITUMH3ALMH IPOU3BOIUTEILHOCTH BUPTYaAJIbHBIX MAIIUH,
Takue Kak just-in-time KOMIUIIAIHMs, yIpaBIeHHE MaMATHIO U CTPATETHH KAINPOBAHHUS, C YIECTOM
TpeOoBaHUl K 6€301acHOCTH U 3PHEKTUBHOCTH;

— TMPUMEHUTh TEOPETUUYECKNE 3HAHUS HA MPAKTHUKE ITyTEM IIPOECKTUPOBAHUS, pealu3aliu
Y TECTUPOBAHUS MPOCTHIX BUPTYaAJIbHBIX MAIlIMH, a TAK)KE aHAJIN3a CYIECTBYIOIIUX CUCTEM, TAKUX
kak JVM unu CLR, nns pemenus 3agad B 001acTi MPOrpaMMHOM MHXKEHEPUH.

B pesysabrare ocBOCHHSI AMCHUILIAHBI (MOAYJIsI) 00Y4YAIOIIHIICH JOJIZKEH :

3Hamy:

— TIPUHIUIBI TOCTPOCHUS apXUTEKTYphl KoMaH I (ISA) BUPTyalbHBIX MalIWH;

— YCTpPOMCTBA BBIIIOJIHEHUS KOJa HA BUPTYaJIbHOM MalInHe Java,

— QIrOpUTMbl aBTOMAaTMYECKOIrO yIpaBieHUs AuHamuueckoil mnamsaTeio (Garbage
Collection);

— npuHiuns! JIT-komnunsanuy,

ymembp:

— peayn30BaTh BHITIOJIHEHHUE MTPOCTOr0 Habopa KoMaH 0alTKoIa;

— peanu30BaTh AITOPUTM YOOPKH MYCOpa;

— peanu30BaTh 'EHEPALMIO MAIMHHOIO KOJa,

enademp:

— HaBBIKOM PEAJIN3aLUU CPEIbl BBIIOIHEHUS IS IPOCTOTO SI3bIKa MPOrPaMMHUPOBAHUS.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IPOBE/ICHUH Y4EOHBIX 3aHATUH B (popMe KOHTAKTHON paboThl 00YYarOLIMXCS € IeJarornd4ecKUMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Komnerenuusi | Conep:kanne KOMIeTeHIHH Nuauxkarop IlepeyeHpb MIAHMPYEMBIX
KOMIIeTeHLIMH pe3yJabTaTOB 00y4eHMsI 110
JUcHUIIMHE (MOTYJIIO)
VK-1. Crioco0eH oCyIIeCTBIIATh VK-1.1. 3HaeT MeTOAbI IOKUCKA U aHaJIN3a
MTOMCK, KPUTHICCKUI aHAIH3 U nH(pOopMaIuu B 001aCTH
CHHTe3 HH(popMauy, AQHAJIUTHKH, OCHOBHBIE IIPUHLIUIIBI
MPUMEHSTH CHCTEMHBIH KPUTUYECKOHN OLIEHKH HCTOYHHUKOB
HOJXOZ ATl peLeHUs MH(QOPMALIMH U MX PEJIEBAHTHOCTH.
MIOCTaBJICHHBIX 33124 VK-1.2. YMeeT KpUTUYECKH OLICHUBATh
WUCTOYHUKHU HH(OpMALINHU U
CHUHTE3UPOBATh JaHHBIC U3
Pa3INYHBIX HCTOYHUKOB IS
peLeHus 3aaa4, IPUMEHATh
CUCTEMHBIH MOIXO/ K aHAJIM3Y H
PELICHHUIO KOMIIIEKCHBIX PO0JIeM
YVK-1.3. NmeeT npakTudeckuii ombIT paboThI
C COBPEMEHHBIMU UHCTPYMEHTaMH
Y TEXHOJIOTUSIMH IJ1s1 00paboTKU
nHpopMaIuu, GOpMyINPOBAHUH H
CTPYKTYPUPOBAHUH 3a/1a4 Ha
OCHOBE TMOJTY4YeHHOH MH(OopMauu
OIIK-2. Crioco0OeH NMpOBOANUTH OIIK-2.1. 3HaeT OCHOBHBIE TEHAEHIINHA U
UCCIICIOBAaHNE U aHATIN3 XapaKTEPUCTUKHU PHIHKA
pBIHKA HHPOPMAIIMOHHBIX WHPOPMAITMOHHBIX CHCTEM U
CUCTEM B UHPOPMAIIIOHHO- UHPOPMAITHOHHO-
KOMMYHHMKALIHOHHBIX KOMMYHHMKALIMOHHBIX TEXHOJIOTHH
TEXHOJIOTHiA, BRIOUPAThH OIIK-2.2. YMeeTr mpoBOJUTE UCCIIEIOBAHUE U
panroHa bHbIC PEIICHUS JUIs aHaJu3 PEIHOYHOU MH(pOpMAIIUU
yHpaBiIeHUs OM3HECOM JUTS OLIEHKH MOTpeOHOCTel OG13Heca
Y BBIOOPA ONTUMAIBHBIX PeIICHUH
OIIK-2.3. NmeeT npakTUYECKHI OTIBIT B
pa3paboTKe U BHEIPEHUHU
CTpaTeruil ynpasieHus OU3HECOM
Ha OCHOBE aHAJIN3a PhIHKA
WHPOPMAITMOHHBIX TEXHOJIOTUH
[K-2. CrniocoGeH uCIonp30BaTh IK-2.1. 3HaeT OCHOBHBIE MAaTEMaTHIECKIE
COOTBETCTBYIOIINI METOABI U HHCTPYMEHTAJIbHbIE
MaTeMaTHYECKHH anmapar v CpeICTBa, IPUMEHSIEMbIE IS
MHCTPYMEHTAJIbHBIE CPEACTBA 00paboTKu 1 aHanM3a HHGOpMAITUI
Ut 00pabOTKH, aHATTU3a 1 IK-2.2. Ymeer 3pPeKTUBHO UCTIONB30BATh
cUCcTeMaTH3aluyi HHPOPMALTUH MaTeMaTHYECKHI anmapart JUis
M0 TeMe UCCIIeIOBaHUS JUIs CUCTEMaTH3alluK JJAHHBIX U
peleHus 3a1aq pemenus npodeccroHamIbHBIX
npodeccuoHaNbHON 3aga4y
JEATCIIBHOCTH [1K-2.3. HmeeTt npakTHUECKHUHA OTBIT pabOTHI
C MHCTPYMEHTAaMH aHaJN3a
nH(pOpMAITIHU B paMKax
MCCIIEIOBATENBCKUX MTPOEKTOB
[K-3. Crioco0eH roToBUTh Hay4YHO- IK-3.1. 3HaeT TpeOOBaHMS U CTAHAAPTHI

TCXHUYCCKHUEC OTYCTHI,

odopMIIeHUSI HAYYHO-TEXHIUUECKHAX
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MIPE3EHTALINH, HAyYHbIE
MyOJIMKaIMK IO Pe3ysibTaTaM

OTYETOB, IPE3CHTAIIUH U
TyOJTUK AT

BBITIOJIHEHHBIX UCCIICTOBAHUN I1K-3.2. YMeeT CTpyKTYypUpOBaTh U
MPEACTABIATH Pe3yIbTaThI
HCCIIEOBAHNN B AICHOU U
JIOCTYITHO# hopMme
[K-3.3. NmeeT npakTU4ecKuit OTBIT
MOJTrOTOBKU M MyOIUKAIMN
HAYYHBIX MaTEPUAJIOB,
OTPaKAIOIINX PE3YIbTATHI
BBIMOJIHEHHBIX MCCIEAOBAHUN
[1K-8 CriocobeH o pyKOBOJICTBOM IK-8.1. 3HaeT NPUHIUIBI U CTAHAAPTHI
CICIUAINCTA O0JIee BHICOKOM yIpaBJIcHHs TPOSKTAMHU
KaTeropuu OCYIIECTBISATh I1K-8.2. Ywmeer pa3pabaTsIBaTh IIAHBI U
TUTaHUPOBAHUE U OpraHU30BBIBATh MIPOCKTHYIO
OpraHU3aIHI0 IPOCKTHON JIESITETIbHOCTh B COOTBETCTBUU C
JIeSITETIbHOCTH Ha OCHOBE YCTaHOBJICHHBIMHU CTaHIaPTaMH
CTaH[IAPTOB YIIPaBJICHUS I1K-8.3. Nmeet mpakTUYECKUN OTIBIT

MPOCKTaMH

yuacTusi B MPOEKTHOH pabore,
BKJIIOYAs! [UIAHUPOBAHUE
KOOPJIMHAIIMIO 33/1a4
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3. Temaruueckuii njiax

Nen/ TpynoeMkocTh, akageMH4YeCKHEe YaChl
n HaumenoBanue Ounas ¢hopma TKY
pa3aena THCHUILINHBI KonTakTHas padora (Texymui
(MoayJin) Jlexkiun CeMuHapsbl Koutpo | CamocTosiTeab KOHTPOJIbL
(npakTHYecKue Jb Hasi paboTa yCIeBaeMoCTH)
3aHATHS)
1 ApxuTtekTypa Habopa 6 6 32 Keiic
KOMaH1 0aliTKoa 1 ero
BBITIOJTHCHHE
2 ABTOMAaTHYECKOE 6 6 32 Keiic
yIpaBJIcHHE NaMSThIO
3 JIT-koMomIsIIAs 6 6 32 Keiic
4 WuTerpanus noacuctem 6 6 34 Konnoxsuym
Y TIPOU3BOIUTEIIBHOCTh
BUPTYaJTbHBIX MAITUH
3auem c oueHKoll 12 [IpoekT
Hmoczo: 24 24 12 130
O6vem oucyuniunsvt (Mooys) 190
(6 ax. u.)
O6vem Oucyuniunvt (MoOyas) 5
(6 3au. eo.)
4. CopepxaHue TMCUUILTHHBI (MO1YJIs)
Nenr/m HaumenoBanue pazjeJia Coaep:xanue TUCHUILIMHBI (MOAYJIS) 10 TeMaM
AUCIHUNJINHBI (MOYJIs1)
1 ApxuTekTypa Habopa KOMaH,I Apxutektypa OaiiTkona. 3arpyska u BepudUKaIus Kiaccos.

6aﬁTKOI{a " €TI0 BBIIIOJIHCHUEC

I/IHTepHpeTaHI/ISI KOMaHI. YHpaBHGHI/Ie IIOTOKOM HCITOJTHCHUS.

OntuMu3aIys HHTepIpeTaTopa

2 ABTOMAaTHYECKOE yIIpaBIcHUE OcHOBBI yIpaBiieHUs TaMaTh0. [TokoneHueckas cOopka Mycopa.
aMATBIO IIponBunyThie anroputMbl GC. MOHUTOPHHT U IPOQHUIMPOBKA
aMsITH
3 JIT-xoMmmIAust OcHogbl JIT-kommumsiuu. Apxurekrypa JIT u ontumusanus Koja.
Ananrtuseie ctpareruu JIT u neontummsaus
4 WHTerpauus noacucTem u WNHuTerpauus moacucTeM BUPTyaIbHON MalIuHbL. [IpoU3BOIUTEIBHOCTD

MMPpOU3BOJUTCIIBHOCTD
BUPTYAJIbHBIX MalllMH

1 MacmtabupoBaHue. BupryanbHble MallIMHBI APYTUX SI3BIKOB:
CpaBHUTEJbHBIN aHaAJIU3
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoCTPaHsIEMOro IMPOTPAMMHOTO O0ECHEeYeHHs, BKJIIOYAs MPOAYKTHl OTCUYECTBEHHOTO
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIa K pecypcaM M3 JI000# TOUYKH, Tlie eCTh NOAKII0oUeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TaK U 3a €T0 IPEICIIaMH.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

aumepamypa:

1. Knunrown, JI. JIx. Co3nait cBoii COOCTBEHHBIN S3bIK IPOrpaMMUPOBaHUsA. PyKOBOACTBO
[IPOrpaMMUCTa MO pa3pabOTKe KOMIMIATOPOB, HHTEPIPETATOPOB U JIOMEHHO-OPUEHTUPOBAHHBIX
S3BIKOB JJISl PEHICHHs] COBPEMEHHBIX BBIYMCIUTENBHBIX 33]a4 : MPAKTUYECKOe pyKOBOCTBO / JI.
JIx. Kimuatos ; miep. ¢ aara. C. B. Munna. - Mocksa : JIMK Tlpecc, 2023. - 408 c. - ISBN 978-5-
93700-140-5. - Tekcr : anexktponnsiit. - URL: https://znanium.com/catalog/product/2109499.

2. JloBek, XK. BBegenue B TEOpHIO A3BIKOB MPOTpaMMHUpPOBaHUS : HayuHoe uzganue / XK.
Hosek, XK.-XK. JleBu ; nep. ¢ anri. B. H. bparunesckoro, A. M. Ilenenunpina. - 2-¢ u3n. - Mocksa
: JIMK TIIpecc, 2023. - 135 c¢. - ISBN 978-5-89818-582-4. - Tekcr : anmekrponHbii. - URL:
https://znanium.com/catalog/product/2107945.

3. Opnos, C. A. Teopus 1 IpakTHKa S3BIKOB MPOTPAMMHUPOBAHHUS : YIEOHUK /1715 By30B / C.
A. Opmnos. - Cankt-IletepOypr : [Tutep, 2021. - 688 c. - (Ctangapt 3-ro nokosenus). - ISBN 978-
5-4461-9740-8. - Tekcr : anextponHsiit. - URL: https://znanium.com/catalog/product/1857045.

4. Kynpssuesa, . A. [IporpamMmupoBanue: KOMOMHATOpHAsI JIOTUKA : Y4EOHUK JIsl BY30B /
U. A. Kynpssuesa, M. B. [lIBenkuii. — 2-e u3a., nepepad. u gon. — Mocksa : M3naTenscTBo
FOpaiit, 2025. — 524 ¢. — (Bsicmee obpazosanne). — ISBN 978-5-534-10620-6. — Texcr :
NeKTpoHHBIH  //  OOpazoBarenbHas  matgopma  FOpaiir  [caiit]. —  URL:
https://urait.ru/bcode/565666.

5. oy, O. Buyrpu CPYTHON: ruag no wuntepmperaropy Python : mnpaktuueckoe
pykoBoactBo / D. Illoy. - Cankr-IlerepOypr : Ilurtep, 2023. - 352 c. - (bubGnmuorexa
nporpammucta). - ISBN  978-5-4461-1925-7. - Tekcer : onekrponHeid. - URL:
https://znanium.com/catalog/product/2123388.

6. MansBko A. A. ®opmanbHbIE S3BIKM U KOMITWIIATOPHI : y4eOHUK IS By30B / A. A.
Manssko. — Mocksa : U3natenbctBo FOpaiit, 2025. — 429 ¢. — (Bsicmiee oOpazoBanue). —
ISBN 978-5-534-04288-7. — Texkct : snexktpoHHbIid // OOpa3oBarenbHas muatdopma HOpaiit
[caiit]. — URL.: https://urait.ru/bcode/562822.

Jononnumenvnan r1umepamypa:

7. HoBoxwuios O. I[1. Apxurektypa O9BM u BBIYHCIUTENBHBIX CUCTEM : YIEOHUK I BY30B
/ O. I1. HoBoxwunoB. — 2-e u3f., ucnp. u non. — Mocksa : Uznatenscto FOpaiit, 2025. — 505
c. — (Bwicmee oOpazoBanme). — ISBN 978-5-534-20365-3. — Tekct : 31meKTpOHHBIN //
OopazoBarenpHas miargopma FOpaiir [caiit]. — URL: https://urait.ru/bcode/568920.

8. ToncrobpoB A. I1. Apxurektypa DBM : yuebnuk st By30B / A. I1. Toncrobpos. — 3-
e usl., nepepad. u gom. — Mocksa : MznatensctBo HOpaiit, 2025. — 162 ¢. — (Bricmiee
obpazoBanmue). — ISBN 978-5-534-16839-6. — Tekct : amekTpoHHBIN // OOpa3zoBareibHAs
iatdopma Opaiit [caiit]. — URL: https://urait.ru/bcode/566711.
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6. MarepuajbHO-TEXHHYECKOeE o0ecreueHne

VYHuBepcuTeT pacrnojaraeT MaTepUalbHO-TEXHUYECKOM  0a30i, COOTBETCTBYIOLIEH
JIEMCTBYIOIMM ITPOTHBOIIOKAPHBIM IPAaBUJIaM U HOPMaM U 00eclieunBaroIeii IpoBeieHUE BCeX
BUJIOB JIMCUUIUIMHAPDHOW W MEXIUCUUIUIMHAPHOW ITOATOTOBKH, HIPAKTHUYECKOM M HAy4HO-
UCCIIEI0BATEIbCKON PaboT 00yJaromuXxcs, NPeAyCMOTPEHHBIX YU€OHBIM IIJIAHOM.

[Tomernienust, KOTOPBIE MPEICTABIISAIOT CO00M yueOHbIE ayAUTOPUH IJIsl TPOBEACHUS 3aHATHHA
JEKIMOHHOTO THUIA, 3aHATUH CEMMHApCKOro (IPakTUYEeCKOro) THIIA, TIPYNIOBBIX U
MHJMBUAYaAJIbHBIX KOHCYJIbTALMM, TEKYIIETO KOHTPOJIS U MPOMEKYTOUHON aTTECTALlUH, a TAKXKe
IIOMEIIEHUS I CAMOCTOATENIbHOM paObOoThl U MOMEIIEHUS I XPaHEHUs U NTPO(UITAKTUYECKOTO
oOciy>xuBaHus yueOHOro 060opynoBanus. IlomemeHns: yKOMIUIEKTOBAaHbI CIICIUATIN3UPOBAHHON
MeOeNnbl0 U TEXHUYECKHMMHU CpEICTBAMH OOydYeHHs, CIy>KalllUMH JUls MpeACTaBIeHUs yd4eOHOU
uHpopManuu O0JIBIION ayTUTOPHH.

N3yuenue qUCUUIUIMHBI (MOAYIA) o0ecrieunBaeTcs B ydeOHbIX ayIMTOPHX, OCHAILICHHBIX:

— CTOJIaMH U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOW;

— MEXaHWYECKUMH KaJIbKYJISTOpaMH;

— CIEUMAIU3UPOBAHHBIM 000PYJ0BaHUEM, BKIIIOUasl JEMOHCTPALMOHHOE 000pYy10BaHHUE.

[TomerieHus 1711 CaMOCTOATENBHOM paboThl 00yUarOIINXCsl, B TOM YUCIIE IPUCIIOCOOICHHBIE
JUISL MCTIONBb30BaHUsI MHBAJIMJAMH M JIMLAMU C OTPAaHUYEHHBIMU BO3MOXHOCTSMHU 3/10pPOBbS,
OCHAILEHBl KOMIBIOTEPHON TEXHUKOM C BO3MOXHOCTBIO MOAKIIOYEHHs K ceTu «VHTepHeT» H
obecrieueHUeM  JOCTylma B  JJCKTPOHHYIO  HH(GOPMAIIMOHHO-00pa30BaTEIbHYI0  Cpedy
YHuBepcurera.

yIaJeHHBI) K pecypcamM HH()OPMAIMOHHO-TEICKOMMYHUKAIMOHHONW cetn «VHTepHeT»,
3JIEKTPOHHBIM pecypcaM (B TOM YHCIIE JIEKTPOHHBIM OMOIMOTEYHBIM CUCTEMaM, COBPEMEHHBIM
npodeccuoHanbHbIM 0a3aM JaHHBIX U UHGOPMAIIMOHHBIM CIIPABOYHBIM CHCTEMaM):

Ne HaunMeHoBaHue noprasna CcbLika
(u3maHusl, Kypca, 1I0KyMeHTAa)
1. | Hayunas snektponHas 6ubinuoreka elibrary.ru https://elibrary.ru/defaultx.asp
oubnmoreka
2. Bbaza mausbix i | T-cnenquanucros https://habr.com
3. Basza gaunaeix ScienceDirect https://www.sciencedirect.com
4. | OdunmanbHbli caiT MUHUCTEPCTBA HAYKH U https://minobrnauki.gov.ru/

BEICIIIEro oopazoBanus Poccutickoit deneparuu

5. | ®enepanbubiii mopran «Poccuiickoe oopazosanue” | https://www.edu.ru/

6. WNudopmarmonnas cucrema "Enunoe okHO noctyna | http://window.edu.ru/
K 00pa3zoBareibHBIM pecypcam”

7. | Enunas xosekims nudpoBsix odpazoBatenbubix | http://school-collection.edu.ru/
pecypcoB

8. | ®enepanbHblii IEHTP HHPOPMAITUOHHO - http://fcior.edu.ru/
00pa3oBaTeIbHBIX PECYPCOB

[lepeueHr WHDOPMAIIMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX TIPU  OCYIIECTBICHHUH
00pa3zoBaTeNbHOTO MpoIiecca Mo AUCIUTIINHE (MOYJI0), B TOM YHCJIE KOMIUIEKT JTUIIEH3MOHHOTO
IpPOrpaMMHOTO  OOecleueHus, COBPEMEHHble TmpodeccHoHanbHble 0a3bl  JaHHBIX U
MH(OpPMaILMOHHBIE CIIPABOYHBIE CHUCTEMBI:

HaumenoBanmne 110 IIpousBoacTeo JInnensuonnoe / cBOGOIHO
pacnpocTpaHsieMoe
OnepanuoHHbIE CHCTEMBI:
Microsoft Imagine (Windows Client, Server) | zapy6esxuoe | nmuuensuonHOE
BpaysepsI:
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Sunexc.bpaysep OTEYECTBEHHOE CBOOOJHO
pacrpocTpaHsieMoe

Google Chrome 3apy0exHOe CcBOOOIHO
pacnpocTpaHseMoe

Od¢ucHble NpUIOKEHNS

Microsoft Imagine (Visio, OneNote) 3apy0exHOe JIMIEH3HOHHOE

TeXstudio 3apy0exHOe CBOOOTHO
pacmpocTpaHseMoe

Adobe Acrobat Reader 3apyOexHOe cBOOOIHO
pacrpocTpaHsieMoe

IIporpammHoe o0ecneyeHne Jisl IVIAHUPOBAHHUSI M Y4eTa BPeMEHH:

Toggle app 3apyOexHoe CBOOOJHO
pacnpocTpaHseMoe

CucTeMBbl yHpaBJieHHsI POEKTAMM:

Microsoft Imagine (Project) | sapyGeskHoe | nuuensnonHOE

CucreMsbl ynpapjeHusi 6a3aMu JaHHBIX:

Microsoft Imagine (SQL Server) | 3apy6exHoe | nuuensuonHOE

Cucrtembl peseppHOro konuposanus (backup):

Acronis Backup Advanced for HyperV | sapyGeskHoe | muuensnonHOE

CrpaBo4YHO-NIPaBOBbIE CHCTEMBbI:

Koncynperantlnroc: cipaBoyHO-TIpaBOBast OTEUECTBEHHOE JIMICH3UOHHOE

cucTeMa

CpeacTBa aHTUBMPYCHOI 321U THI:

Kaspersky Endpoint Security mis 6usneca OTEYECTBEHHOE JMLEH3HOHHOE

Cranpaprasiii Russian Edition

Cpennbl pa3padoTku:

Visual Studio Code 3apybesxHOe cBOOOTHO
pacipocTpaHseMoe

Bash (Unix shell) 3apyOexHoe CBOOOJTHO
pacipocTpaHseMoe

Anaconda 3apyOexHOe CcBOOOHO
pacpocTpaHseMoe

Robotic Operating System 3apyOexHoe CBOOOIHO
pacipocTpaHseMoe

CopelliaSim 3apybexHOe cBOOOTHO
pacipocTpaHseMoe

Google Colaboratory 3apyOexHoe cBOOOIHO
pacipocTpaHseMoe

IlakeTbl IPOrpaMMHBIX CPEeACTB M OMOJINOTEK:

AutoPsy 3apyOexxHOe CBOOOHO
pacmpocTpaHseMoe

Interactive Disassembler (IDA) 3apy0exHOe CBOOOTHO
pacupocTpaHseMoe

Cucrtemsbl ynpaieHusi 0néanorpagudeckoii HHpopManuei:

Zotero 3apyOekHOe CBOOOTHO
pacmpocTpaHseMoe

CepBHCHI B CITYKOBI:

Bind 3apyOexxHOe CBOOOHO
pacipocTpaHseMoe

Docker 3apy0exHOe CcBOOOIHO
pacupocTpaHseMoe

7. Meroan4yecKue M OlleHOYHbIE MATEPHAJIbI

MeToanuyeckne yKazaHus JJ151 00yYAIOIMXCS M0 OCBOEHHUIO TUCIHILUIUHBI (MO1YJIA)
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B mpouecce u3ydyeHus IUCHUIUIMHBI (MOIYJsl) «APXUTEKTypa BUPTYaJbHBIX MAIIUH» B
paMKax TEKYIIEro KOHTPOJS YCIIEBAeMOCTH HCIIONIB3YIOTCS TaKUE BUIBI YUEOHOU paboThI, Kak
JIEKIIMH, CEMUHAPBI, KEHUChI, KOJUIOKBUYM, MPOEKT, a TAKXKE Pa3IUYHbIC BUAbI CAMOCTOATEIHLHON
paboThl O0YyYalOIIMXCs MO 3aJaHUI0 TPEroJiaBaTesis, HalpaBJICHHbIE HA PA3BUTHE HABHIKOB
npoecCHOHANBHOM JIEKCUKH, 3aKpEIUIeHue MPaKTUYeCKUuX Mpo(ecCHOHATbHBIX KOMIIETECHIIUH,
MOOIIPEHNUE UHUITUATHB.

Jlekyusi — CHUCTEMaTHYECKOE, IIOCIIEIOBATEIbHOE, MOHOJOTMYECKOE  H3JI0KEHHE
npernoiaBaTeseM yueOHOro MaTepuana, Kak paBuiio, TEOPETUYECKOTO XapaKTepa.

B npouecce nexkumii peKOMEHAYETCS BECTHM KOHCIIEKT JIEKLUMWA: KPaTKO M CXEMaTUYHO
(GbuKCUpPOBATh OCHOBHBIC HJICH, BHIBOJABI M OOOOIICHWS JICKIMH, BBIICISITh BaXKHBIC MBICIH,
KIIFOYEBBIE CJIOBAa M TepMHUHBI. HeoOXOAMMO OTMETHTHh BOMPOCHI WM MaTepHallbl, KOTOPbIE
BBI3BIBAIOT 3aTPYAHEHUS], U TIONBITATHCA HAUTU OTBETHI B PEKOMEHIOBAHHOM suTepaTtype. Eciu
pa3zoOpaThCcsi B MaTepuane HE yAaercs, cieayeT chopMynupoBaTh BOINPOC M 3a4aTh €ro
MIPEMNO/IaBaTeII0 Ha KOHCYIbTAIlMU UJIM BO BPEMsI CEMHUHAPCKOTO (MPAKTHYECKOTO) 3aHSATHUS.

Cemunap — 310 Qopma yueOHOIl eATeTbHOCTH, IPOBOUMAs B Y4eOHOM 3aBEACHHUH I10]1
PYKOBOJICTBOM TIpEMOJABaTeNs, TI¢ CTYACHTBI aKTUBHO YYacCTBYIOT B OOCYXKICHUSX,
MPAKTUYECKUX 3aJaHMsIX U APYruxX (popmax B3aMMOACHCTBHUS.

Jnst ycrenrHo# moAroToBKM K CEMUHAPY PEKOMEHYETCS 3apaHee 03HAKOMHUTBLCS C TEMOM
3aHATUS U OCHOBHBIMH MaTepualaMu, YTOObl MMETh BO3MOXHOCTh AKTHBHO y4acCTBOBAaTh B
ob0cyxaeHnu. Takke MoJIe3HO MOATOTOBUTH BOIPOCHI U MJAEU JJII OOCYXKACHHS, YTO MTOMOKET
r1y0Ke MOHATH MaTepUal v MPOJIEMOHCTPUPOBATH 3aUHTEPECOBAHHOCTb.

Keiic — npaktuueckas paboTa CTYIEHTOB HaJ PEAJbHBIMM WM CMOJEIMPOBAHHBIMU
3a/1a4aMH, 4TO MO3BOJISET CTYACHTY IIPUMEHATh TEOPETUYECKHUE 3HAHUS HA ITPAKTHKE.

CTyneHT caMOCTOSITENIbHO pa3padbaThIBaeT CTPATETHIO PEIICHUS TOCTABICHHON 3a]au, YTO
CHOCOOCTBYET Pa3BUTHIO HABBIKOB KPUTUYECKOI'O MBIIIJICHUS U CaMOCTOSATEIBHOTO MPHUHATHUS
pemenuid. Takoif MoAX0X MOMOraeT NOArOTOBUTh OyIYIIUX CHELMATUCTOB K peaJIbHBIM BbI30BAM
B X IPOQEeCCHOHATBHOM 1€ TeTbHOCTH.

KOJZJIOK@M)/’M — YCTHBIC OTBCTHI Ha BOIIPOCHI, CHHUCOK KOTOPBLIX M3BECTCH CTYJICHTY 3apaHCc.

B nmponecce MOoATOTOBKU K KOJUIOKBUYMY HCO6XOJII/IMO MMpOaHaJIN3UPOBATH y‘lC6HBIC
MaTcpHralibl, O3HAKOMUBIINCH C JICKIUAMU, y‘IC6HI/IKaMI/I U JONOJHUTCIBHBIMHU HMCTOYHHMKaMMH,
AKIICHTHUPYSA BHUMAHUC HaA KIIHOYCBBIX TEMax. PCKOMCH,I[yeTC}I CO30aThb CTPYKTYPUPOBAHHLIC
KOHCIICKTBI, BBIACIAA OCHOBHBIC HJIC€HU, TCPMUHEBI 1 q)OpMYJ'H)I.

IIpoexm — uccnenoBaTenbcKas padoTa 1Mo Kypcy U Mpe3eHTalMs pe3yibTaToB.

Jns ycnemHod MOArOoTOBKM K MPOEKTY: YETKO OMNpENeNIUTe LEedd M 3aJadd IMpOeKTa,
pacripefieiuTe posid U OOS3aHHOCTH MEXIY YYaCTHHKaMM, a TaKKe YCTaHOBHTE CPOKHU
BBITMIOJTHEHUSI KaXKI0M 4acTH paboThl. PerynspHo mpoBoanTe BCTpeuH AJis 00CYXKASHHs Tporpecca
Y PELIEHNS BO3HUKAIOLINX BOIIPOCOB.

Camocmosmenvrnas paboma — paboTa CTYJEHTOB, HAIpaBJIEHHas Ha YIIIYOJIEHHOE
W3YYEHHUE OT/ICIbHBIX TEM U BOIPOCOB YUYEOHON AUCIMILTUHBI (MOTYIs).

B nporiecce camocToaTenbHON pabOThI CTYJAECHTHI B3aUMOICUCTBYIOT C PEKOMEH/I0BAHHBIMU
MaTepuaiaMH MPU MUHUMAIILHOM yYacTHH MpEnoiaBaTes. 3a1auu CTyJeHTa BKIIOYAI0T padoTy
C KOHCTIEKTaMH JIEKIIUi (00paboTka TeKCTa), MOBTOPHOE U3yUeHNE YUeOHBIX MaTEPHAIIOB, TUTAHOB
U TE3UCOB OTBETOB, U3yUEHHE JOMOTHUTEIBHBIX TEM, BHIMIOTHEHHE y4eOHO-UCCIIEeI0BATENbCKIX
3aJlaHUM U JIPYyroe.
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CucreMa OlleHMBAHUA Pe3yJIbTATOB 00y4YeHHs M0 JUCHUILINHE (MOYJII0)

Kpurepun nosryyeHusi ypoBHS M OLlEHHBAHUS C()OPMUPOBAHHOCTH KOMIETEHIHI M0
AUCUUIIMHE (MOAYJI0) KAPXUTEKTYPA BUPTYAJbHBIX MAILIMH»

OrneHuBanue YpOBHS Y4E€OHBIX JOCTHDKCHUU, OOYYarOMIMXCs MO TUCHUIUIMHE (MOIYIIIO),
OCYIIIECTBIISICTCS B BUE TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH U MTPOMEXKYTOUHOM aTTeCTaIiH.

I[IpomexyTouHasi aTTecTamusi 1O JUCHUIUIMHE (MOIYJIO) OCyIIecTBiIseTcs B (opme
3auema ¢ OWEHKOU, TPU STOM TPOBOJIUTCS OICHKA KOMIETEHIMH, CHOPMHUPOBAHHBIX IIO
JTUCITUTLIAHE.

JInsi OLIEHMBAHUS TEKYIIEro KOHTPOJIS YCIIEBAEMOCTH M TMPOMEKYTOYHOM aTTecTaIiu
UCTIONB3YETCS JeCATHOA/UIbHAS IIIKaja OIICHWBAHUS, KOTOpas COOTHOCHTCS C TPaTUIMOHHOMN
MATUOAIITPHON MIKAIOHN CIEAYIONUM 00pa3oM:

Hecsirubannbuas IarudasnbhHas Oo0masi xapakTepucTuKa pe3yJibTaTa
Onenka 3a 3a4er
OLIEHKA OLIEHKA 00yuyeHus 10 JUCHHUILINHE (MOLYJII0)
10 OTin4yHO 3auTeHo CTyIEeHT TMOJIHOCTBIO BJAJICET 3HAHUSMH,
9 OTIUYHO 3ayTeHo HU3JI0KCHHBIMHU B pa60qel‘/'1 mnmporpamMme, "
8 OTaMYHO 3auTeHo rny0oko ocmeicisier  gucuuiuiuHy. OH

CaMOCTOSITETTLHO u JIOTHYECKH
MOCJIE0BAaTENIFHO OTBEYAET Ha BCE BOIIPOCHI,
aKLUEHTHpYsl BHMMaHMe Ha  Hauboiee
BAYKHOM. YmMmeer aHAJIU3UPOBATh,
CpaBHHBATH, KJIacCH(YUIINPOBATH, 0000IIATH,
KOHKPETHU3UPOBATh W CHUCTEMaTH3HPOBAThH
W3y4YCHHBIH MaTepHuall, BBLACISS KIIIOUYEBbIE
MOMEHTBl W yCTaHaBJIMBas NPUYUHHO-
ClleZICTBEHHBIE CBs3H. UeTko (opmynupyer
OTBETHI, YBEPEHHO HHTEPIPETUPYET
pe3yabTaThl aHaITN30B u JpyTHX
UCCIIC/IOBAHNH, a TaKKe pelacT CIOXKHbIE
3agauyd. CTyOeHT XOpOLIO 3HAaKOM C
METOJaMH HCCIIEOBaHMs, HEOOXOTUMBIMH
JUI TPAKTUYECKOW JEATEBHOCTH, U yMEEeT
CBSI3BIBATH TEOpEeTUIECKUe ACTIeKTHI
MUACIUIUINHBL (MOIYJIsI) € MPAKTHICCKUMH

3a/1a4aMH.
7 Xoporro 3auTeHo CryneHT oOnamaeT 3HAHUSAMHU IpenMeTa
6 Xopomio 3a4TeHo MOYTH B TIOJIHOM o0BeMe pabodei

MPOTrPaMMBbl U CAaMOCTOSITEIBHO, JIOTHYECKH
MIOCJIC/I0BATETIbHO U BCECTOPOHHE OTBEYAET
Ha BCE BOMPOCHI, aKIICHTUPYSI BHUMaHUE Ha
HaunOoJee 3HaUMMBIX MOMeHTax. OH ymeeT
aHAIM3UPOBATH, CPaBHUBATH,
KJ1acCu(UIMPOBATH, 0000m1aTh,
KOHKPETH3UPOBATh W CUCTEMATH3HPOBAThH
U3Y4YEeHHBIH  MaTepuaji, BBIACIAS €ro
KIIIOYEBbIE ACMEKThl M yCTaHABIHMBAs
HNPUYUHHO-CIICICTBEHHbIE CBSI3H.
DopMynTupyeT CBOM OTBETHl, YBEPEHHO
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JecarudannpHas IlsaTuéannbHas OO0mast XapaKTepuCTHKA pe3yabTaTa
Ouenka 3a 3a4er
OLICHKA OLICHKA 0o0y4eHUs IO TMCHUTUINHE (MOIYJIIO0)

MHTEPHPETUPYET pe3yibTaThl aHAIU30B U
JIIPYTHX WCCIEIOBaHUM, a TaKKe pemaeT
CJIOKHBIE CUTYyallMOHHBIC 3a1auu. CTyneHT
XOpOIIIO 3HAKOM c METOJIaMH
HCCIIeIOBaHMS, HEOOXOIMMBIMHU TS
MPAKTUYCCKON JEeATEIBHOCTH, U YyMEET
CBSI3BIBATh TEOPETHUCCKHE ACITEKThI
MpeaAMETa ¢ MPAKTUYECKUMU 3a/1a4aMHu.

5 Y 10BIETBOPUTENBHO 3auTeHo Crynent obnamaer 0a30BBIMH 3HAHHSIMHU

4 YV 10BIE€TBOPHTENHHO 3a4TeHO 0 TUCIUILTHHE (MOJYITIO), HO HCIIBITHIBAET
TPYAHOCTH MIPU CAMOCTOSATEILHBIX OTBETAX

Y HCIIOJIb3yeT HETOYHBIE (POPMYIUPOBKU. B
XO0Jle¢ OTBETOB OH [OMYyCKaeT OIIUOKH,
Kacarolquecst cyTH BompocoB. CTyAeHT
CIOCOOEH peliaTh TOJBKO CaMble MPOCTHIC
3aJjayd M BJaAeeT JHIIb MHUHUMAaJIbHBIM
HaOOpOM METOJIOB HCCIICTOBAHUSI.

3 He cnan He 3aureno CrymeHT He OBIael 00sS3aTeIbHBIM

He cnan He 3auTteno MHUHUMYMOM 3HAaHUH 110 npeaMeTy U HE

1 He claH He 3auTeno MOXXET OTBCTHUTH Ha BOIPOCHI, NAXKE €CJIN

npenogaBaTeiib 3a4a€T AJONOJHHUTCIIbHBIC

HaBOJAIINEC BOIIPOCHI.

JuctumimHa (MOynb) «ApXUTEKTypa BUPTYaIbHBIX MAIIWH» OLIEHUBAETCS CIEAYIOIIUM
obpa3zom:

AKTHBHOCTH Bec |KoaunuyectBo Onucanune
Ketic 40% 3 [IpakTrueckas paboTa CTYJAEHTOB HaJl peaTbHBIMU U
CMOJICTUPOBAHHBIMU 3aJla4aMy
ITpoekt 40% 1 3ammTa UTOroOBOro MPOEKTa
KomnokBuym 20% 1 Y CcTHBIE OTBETHI HA BOIIPOCHI, CITUCOK KOTOPBIX U3BECTEH

CTYIICHTY 3apaHee

®opmyJia pacyéra HMTOrOBOl OLEHKH MO AUCHUILIMHE (MOAYJII0) «APXHTEKTYypa
BUPTYaJbHBIX MammmH»: «0,4 x cpennee 3a keicol + 0,4 x3a npoekt + 0,2 X 3a KOJUIOKBUYMD.

Texkymmii KOHTPOJIb yCIIeBAeMOCTH 00y4alOIIUXCS M0 JUCHUILIHHE (MOAYJII0)
IIpuMepHbIe 3agaHus VIS KEHCOB

ApxurtekTypa Ha00opa KOMaH/] 0aliTKOAA U ero BbINOJHEHHE

Keiic 1: Anaan3 apxurekTypbl 6aiiTkona B JVM

B xommanum paspabareiBaeTcsi HOBOE MPUIIOKEHHE Ha Java, M1 KOMaHJa CTAJKUBACTCA C
npo0sieMoil HU3KOW MPOU3BOAUTENBLHOCTH H3-3a Hed(dexTuBHOro Oaiitkona. Paspaborumku
AQHATM3UPYIOT CKOMITMJIMPOBAHHBIA Kilacc-(paiia ¢ MOMOIIBI0 MHCTPYMEHTOB BpOJE javap u
0OHapY)XHMBAIOT, YTO HEKOTOPHIE MHCTPYKIMHU (Hampumep, aload m invokevirtual) remepupyror
aumHue onepanui. Heo0xoaumo noHATh, Kak cTpykTypa 6aitkona JVM (cTekoBas apXUTEKTypa,
TUIBl  MHCTPYKUMI)  BIMAET  HAa  HCIOJHEHHME W MPEIOKHUTh  yIy4IICHHS.
Bonpocsr:
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— Kak crexoBas Mmoxenb Oaiitkoga JVM oTinyaeTcss OT PETHCTPOBOM apXUTEKTYPHI
MPOLIECCOPOB?
— Kakue tumel wHCTpykumii Oaiitkoma (load/store, arithmetic, control flow) namboiee
pacnpocTpaHeHbl U Iouemy?
3agaun:
1. Pazbepure 6aifTkoa MpocTOro MeTo 1a (HarpuMep, BHIYUCICHUS (pakTopraa) 1 ONUIINTE
MOCIIEA0BATEIbHOCTh HHCTPYKIUH.
2. [lpennoxuTte onTuMU3alMio OalTKoma, Hampumep, 3aMeHy Ha Oosee 3(pQeKTUBHBIC
WHCTPYKIUHU WINA UCIOJIb30BaHUE KOHCTAHT.
3. Ornenure BIUSHUE U3MEHEHH Ha pa3mep ¢aiiia 1 BpeMst HCIIOTHEHUSI.
Keiic 2: 3arpy3ka u Bepudurkanus kiaccos B JVM
B npouecce pa3BepThiBaHHs BeO-PUIIOKEHUSI HAa cepBepe Tomcat MPOMCXOAUT OIMIMOKA
ClassNotFoundException. AHayiM3 OKa3bIBaeT, YTO 3arpy34yuk kiaccoB (class loader) ne moxer
HalTH 3aBUCHMBIH Kitacc u3 JAR-¢aiina. Komanaa mpoBoauT BepupUKaNO KJIACCOB C MTOMOIIBIO
javac u bytecode verifier, oOHapy>kuBasi HECOOTBETCTBUSI B CHTHaTypax MeTonoB. Heobxoaumo
UCCIIEIOBAaTh MEXAHM3M 3arpy3KH KIJIACCOB M BEpH(HKAIMU I MPEJOTBPALICHHUS IMOJT0OHBIX
OIINOOK.
Bomnpocsr:
— Kak paboraet nepapxus 3arpy3uukoB kiaccoB (bootstrap, extension, system/application)
B JVM?
— Kaxkue stansl Bepuduxanum 6aiitkona (structural, data flow, bytecode) BrimonustoTcs u
3aueM?
3amaun:
1. MopenupyiiTe 3arpy3Ky KIJIaccoB JUIsI HPOCTOTO MPHIIOKEHHS C 3aBUCUMOCTSAMH M
OTHILIUTE MOPSIIO0K 3arPy3KH.
2. BemomauTe Bepudukanuio O0alTKoga C TMOMOIIBID MHCTPYMEHTOB (HampuMmep, java -
verify) 1 ucnpaBbTe HaiiJIeHHbIE OLIHMOKH.
3. [pennoxute crpaTernto it 0€30MaCHON 3arpy3KH KJIACCOB B MHOTOITIOTOYHOMU Cpe/Ie.
Keiic 3: UnTepnperanusi kKomaHjg 0auTKkoaa
Pa3zpabotunku ontumusupyrot uHTeprperarop JVM nias MOOMIBHOTO NMPHIOKEHUS, TIe
Oarapest OBICTPO pa3pspKaeTcs M3-3a 4acTOro JEKOIUPOBaHMS MHCTPYKUMHA. OHM MCHONB3YIOT
npoctoi  uHTEeprperatop (switch-based), koTopeiii MemneHHO 00palaThIBAET  IIHKJIBI.
Heo6xonnMo M3ydnTh, KaK MHTEPHIPETATOpP ACKOAUPYET M MCIONHAET OalTKOI, U MPEIOKUTh
YIy4IICHUSI.
Bomnpocsr:
— B ueM pasHuna Mexay uHTeprpeTanuen u komnwisinuen 6airkona 8 JVM?
— Kak uHTepnperarop ynpapiseT CTEKOM ONEpaHJIOB M JIOKAIbHBIMU MEPEMEHHBIMH BO
BpeMs UCIIOJTHEHUSA?
3amaun:
1. PeanusyiiTe mnpocToi UHTEpIpeTaTop Juid MOJAMHOXeCTBa OaifTkona (Hampumep,
arithmetic operations) u npoTecTupyiTe Ha mpUMepe.
2. M3mepbTe MPOM3BOAMTENBHOCTh HHTeprperaropa (Bpems Ha 1000 wHCTpyKIuil) u
CpaBHUTE C HATUBHBIM HCIIOJIHEHUEM.
3. IlpemmoxxuTe ONTHMH3ANNIO, TAKYIO KaK KAIIMPOBAHHUE JIEKOMUPOBAHHBIX WHCTPYKIHNA
i nepexon Ha threaded code.
Keiic 4: YnpasieHne NoTOKOM MCIIOJHEHHS B 0aliTKoAe
B npunoxxenun ans 00pabOTKH TaHHBIX MPOUCXOAUT OECKOHEUHBIHM IIMKII U3-3a OLIUOKH B
ycioBHBIX nepexoax (if icmpne). Ananu3 6aifTKo/1a TOKa3bIBaCT HEMPABUILHOE UCIIOIH30BAHNE
MHCTPYKUIUN goto U jsr ans oOpabotku uckitouennid. Komanna usyuaer, kak JVM ynpasisier
noTokoM (control flow) uepes cTek u METKH.
Bonpocer:
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— Kak uactpykuuu control flow (if, goto, tableswitch) uzmensiror cuerunk nporpamm (PC) B
JVM?
— B uem ponb uckirouenuii (try-catch) B ynpaBieHUM MOTOKOM U MX CBSI3b ¢ OalTKOAOM?
3amaun:
1. Pa3zGepure OaliTKOA MeTOJa C IHUKJIAMHU U YCIOBHBIMU OIEPaTOPaMH, BBIIEIUB TOUKH
BETBJICHMS.
2. MonenupyiiTe HCIIOJIHEHHWE IOTOKAa JUIsl CIEHAapusi C HCKIIOYEHHEM U OIUIIUTE
U3MEHEHHUS B CTEKE.
3. OnTuMU3HpylTe KOJ, 3aMeHUB Hed(PEeKTHBHBIE TNepexoabl Ha 0Oojee MPOCThIe
MHCTPYKLHUU.
Keiic 5: Ontumn3zauus uatepnperaropa JVM
B BwicokonarpyxenHoMm cepBepe JVM wuntepnperatop Tparur 30% BpeMeHH Ha
JNEKOJAMPOBaHNE MHCTPYKIUH, YTO MPUBOJAUT K 3ajepkkaMm. KomaHnna BHeIpsieT ONTUMU3AIINH,
tTakue Kak inline caching ams BBI30BOB MeT0/10B. HeoOX0auMO MpoaHATM3UPOBATh TEKYIIHA
UHTEPIIPETATOP U MPEJIOKUTH YIYUIICHUS AJIsl HOBBIIICHHS IPOU3BOIUTEIHHOCTH.
Bonpocsr:
— Kaxkue ctparernu onTHMM3alMM HMHTEpHpeTaTopa (Hampumep, superinstructions, fast
paths) ucrosib3yroTes B COBpeMeHHbIX JVM?
— Kaxk usmepsats 3 pextuBHOCT, MHTEpHIpeTaTopa (depe3 mpoduInpoBaHUE C MOMOIIBIO
JMH)?
3amaun:
1. IIpodunupyiiTe MpoCTOil MHTEPIPETATOP HA TECTOBOM OalTKONE M MACHTU(DUIPYNHTE
y3KHE MECTa.
2. Peanm3yiite onTHMH3aNMiO, HanpuMmep, OOBEAMHEHHWE WHCTPYKIIMHA B  CyIep-
UHCTPYKLHUU.
3. CpaBHHTE TTPOU3BOJUTEIHLHOCTD IO U MOCIIE ONTUMHU3ANNKA Ha MeTpukax (Bpems, CPU
usage).
ABTOMaTH4YeCKoOe ylpaBjieHHe NaMATbhIO

Keiic 1: OcHoBBI ynpapiaenus namaTeio B JVM
B npunoxenun Ha Java IpoUCXOaUT yTeuKa MaMsTH U3-3a HEOCBOOOKIEHHBIX 00BEKTOB.
Komanna ananusupyet heap ¢ momorIupo jmap ¥ BUJIUT, YTO OOBEKTHI String HaKarIMBarOTCS.
Heo06x0mmuMo MOHSATH OCHOBEI AJUIOKAIIMU U OCBOOOXKIeHN naMsIT B JVM.
Bomnpocsr:

« Kax JVM ymnpasisier heap (young/old generation) u stack?

o B uem paszuuna mexy strong, soft, weak u phantom references?
3agauu:

1. Co3zpnaiiTe mpocToe NpUIIoKEHHE ¢ aJuloKalue 00beKTOB U MpoaHanu3upyiite heap ¢
nomonibio VisualVM.

2. MopenupyiTe yTeuky naMsata u onummre, kak GC ee oOHapy»KUBaer.

3. IIpemmoxxuTe ncnpaBiIeHns, TaKKe KaK NCIOIb30BaHNe weak references.

Keiic 2: ITokonen4eckas cO0pKka mycopa
CepBepHoe npuioxkeHue ucnbIThiBaeT nay3sl GC 10 5 cekyH[ U3-3a 4acToil cOOpKH B young
generation. AHaJIN3 ¢ IOMOIIBIO jstat TOKa3bIBaeT HecOAIAHCUPOBAHHBIE Pa3Mephl OKOJIECHUH.
Komanna nzyuaet nokonenueckyto mojaens (Eden, Survivor, Old).
Bonpocsr:

 Kak padoraer minor GC B young generation u major GC B old generation?

o [Touemy nokoneHueckas coopka 3ppekTuBHEe NOTHON cOOpPKU?
3apaum:

1. Hactpoiire JVM nmapametpsl (-Xms, -Xmx, -XX:NewRatio) u nporectupyiite Ha
HPUIIOKEHUU.

2. N3smepswte Bpems nay3 GC u cpaBHUTE ¢ Pa3HBIMH pa3MepaMH MOKOJICHUH.
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3. OnTuMuU3HpyiTe KOHGUTYPAITUIO JIJIsi CHUKEHUS T1ay3.

Keiic 3: IIpoasunyTtbie anroputmsl GC
B BbICOKOIIPON3BOAUTENBHOM NpUiokeHUH ucnonbizyercss G1 GC, HO BO3HUKAIOT
dparmenTammu. Komanaa paccmarpusaet nepexos Ha ZGC wnm Shenandoah mist HU3KUX mays.
Heo6xoaumo cpaBHUTH anroputMbl (mark-sweep, copying, concurrent).
Bonpocsr:

e Kakx G1 GC nenut heap Ha peruoHbI U yIpaBiIseT May3aMu?

B yem npeumymectsa concurrent GC (ZGC) nan stop-the-world?
3agaun:

1. Peanusyiite cumysiuio npocroro GC-anropurMma (Hanpumep, mark-and-sweep) Ha
TECTOBBIX JIAHHBIX.

2. Cpasuurte npousoaurenbHocTh Gl u Parallel GC na 6enumapke.

3. [pennoxute Bp1OOop GC /14 cueHapus ¢ HU3KUMH 1ay3aMHu.

Keiic 4: MoHMTOpPHHT U NPOPUIMPOBKA IaMATH
[TpunoxxeHue Ha cepBepe uMeeT Beicokoe nmotpedienue namsatu (RAM usage 80%). Komanga
ucnonbs3yeT JMX u jeonsole miis morutopunra heap u threads. Heo0XoaumMo BEISIBUTE IPUYHHBI
U ONITUMU3UPOBATb.
Bomnpocsr:

 Kakue metpuku (heap size, GC count, memory leaks) Ba>kHBI J17151 MOHUTOpUHTA?

 Kak uncrpyments! Bpojie MAT nomoratot B npopuinrpoBke?
3agaun:

1. Hacrpoiitre monutopusr JVM c nomomnisto JFR u npoananusupyiite gamn heap.

2. Unentuduuupyiite yreuky ¢ nomouisio MAT u npennoKuTe ucrpaBieHHUsL.

3. Co3paiiTe OTYET C PEKOMEHAALUSMH 110 ONTHUMHU3AIIUH TTaMSITH.

Keiic 5: Uaterpanusa GC ¢ npuioxennem
B mukpocepsucax Ha Spring Boot GC BbI3bIBaeT 3a7epkKKU U3-3a 0onpmnx o0bekToB. Komanaa
uHTerpupyet npopunupoBumk (Async Profiler) g ananuza. HeoOxoquMo onTMMHU3UPOBAThH
yIpaBieHUE MaMSThIO.
Bomnpocsr:

e Kak GC B3aumonetrictByet ¢ JIT-KoMIUIATOPOM JIJIs1 ONITUMHU3ALUHN AJIJIOKAIUi?

B uem ponb escape analysis B ynpaBiieHUH aMATbIO?
3agauu:

1. IIpodunupyiite npunoxxkenue ¢ Async Profiler n HaiiiuTe ropsiune TOUYKM aJJIOKALUH.

2. BHenpuTte onTHMH3AINIO, TAKYIO Kak object pooling /yist 00JIBITNX 00BEKTOB.

3. M3MmepbTe ynydieHus B IPOU3BOIUTENLHOCTH [1OCIIE U3MEHEHHH.

le/lMeprIe 3alaHUA 1JIA KOJJOKBUYMA

1. OOwsacHUTE, KaK UHTETPUPYIOTCS MoJAcUCTeMbl JVM, Takue Kak 3arpy3ydK KJIaccoB,
uHTepnperarop u JIT-komnunsarop. [IpuBennre npuMep B3auMOJEHCTBUS HA TAIlE BHIITOJTHEHUS
METO/a.

2. Kak garbage collector (GC) B3aumozeiictByer ¢ JIT-kommuisitopom B JVM? OnumuTe,
KaK 3TO BJIMAET HAa ONTUMHU3ALUIO KOJA.

3. Omummmre ponb Oaiitkoma B mHTerpammu noacuctem JVM. Kak on oGecreunBaer
COBMECTUMOCTb MEXIy HHTepnperatopoM u JIT?

4. Kak noacucrema ynpasieHus namsateio (heap u stack) unterpupyercs ¢ noacucreMoit
BhINosHeHUs Oaiitkona? [IpuBeaure npumep ¢ ayutokanued 00bEeKTOB.

5. OObBsiCHUTE WHTErPAIMIO TOJICUCTEM B MHOTOMOTOYHOW cpene JVM: kak paboTtaroT
MOHMTOPHI ¥ cuHxpoHu3zanusa ¢ GC u JIT.

6. Kak 3arpy3dmk Ki1accoB B3auMojJelcTBYyeT ¢ Bepudukatopom Oaiitkoma u JIT-
kommuisiTopoM? [louemy 3T0 BaskHO 11 6€3011aCHOCTH?

7. Onumute, kak JVM wunHTerpupyer HaTtuBHbe BbI30BH (JNI) ¢ BHyTpeHHUMH
noacucremamu, Takumu kak GC. [IpuBenure npumep.
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8. Kakue xiro4yeBble METPHKH HCIIOIB3YIOTCS I OLIGHKH MpOM3BOAUTENbHOCTH JVM
(manmpumep, throughput, latency, memory usage)? IIpuBenure npuMepbl HHCTPYMEHTOB JUIS UX
U3MEpEeHHUSI.

9. OObsacHuTe, Kak Macmrabupyercs JVM B MHOTONpOLECCOpPHBIX cucteMax. Kakue
OTpaHHYEHUSI BO3HUKAIOT MIPH YBEIMUEHUU Yucia sjuep?

10. Kak onTuMu3upoBaTh NPOU3BOIUTEIHHOCT JVM B KOHTEHHEPH3OBAHHBIX Cpeaax
(manpumep, Docker)? Onumurte Bausiaue Ha GC u JIT.

11. Onumure crpaterun  MacimitabupoBanuss JVM  ans BBICOKOHArpyKEHHBIX
MPUIOKEHUN: TOPU3OHTAIBHOE VS BEPTUKAIbHOE MAacIITA0MPOBAHUE.

12. Kak npodunupoBanue (Hanpumep, ¢ nomomsio JFR umu Async Profiler) momoraer
YIYUYIIUTh TPOU3BOAUTENbHOCTE JVM? TlpuBenute npumMep aHaausa y3Koro Mecra.

13. OOwsacuuTe BiaMsHUE pa3Mepa heap Ha NMPOU3BOAMTENBHOCTh M MACIITAOMPOBAHUE
JVM. Kak BbIOpaTh onTuMaibHbie TapameTpsl (-Xmx, -Xms)?

14. Kak JVM obGecneunBaeT MacimTabupoBaHue B paclpeIeICHHBIX CUCTEMAX (HAIpuMep,
C HCIONIb30BaHMEM MHKpocepBucoB)? OmNummTe poib B CepHATM3AlUA U CETEBBIX
B3aUMO/JICUCTBUAX.

15. CpaBuute JVM c BuptyanbHoit Mammnoi JavaScript (V8). B yem npeumyiiectBa u
Henoctatku V8 no cpaBuenuto ¢ JIT-kommusmueit B JVM?

16. Omumute paznmuuus mexay JVM u .NET CLR (Common Language Runtime). Kak
CLR ynpasnser namsrbio 1o cpaHenuto ¢ GC B JVM?

17. CpaBuure mpousBogutensHoctb JVM u CPython (Bupryanenas mammna Python).
[Touemy CPython memieHHee B YHCICHHBIX BEIYUCICHUSX ?

18. Kak Lua VM otnuyaercs ot JVM mno apxurektype? IlpuBenute mnpumepsl
UCTIOJIB30BaHUS I CPABHUTE MACIITAOUPYEMOCTb.

19. IIpoBenute cpaBHuUTENbHBIN aHanu3 JVM u BuptyanbHoii Mamuubl Ruby (YARV). B
4yeM cuiibHbIe cTOpoHbl Y ARV B auHamuueckoit tunuzanun?

20. OOwscuute, mouemy JVM gacto cuntaercs Oosee mpon3BOAUTEILHON IS enterprise-
OPWIOKEHUH 10 cpaBHeHMIO ¢ VM wuHTepnperupyembix sA3bIkoB (Hampumep, CPython).
[Tonnepxute apryMeHThl IpUMEpaMHu.

IIpumepHoe onrcaHue U KPUTEPHUH OLIECHMBAHUS K HUTOTOBOMY IIPOEKTY

Onucanue npoexra:

B pamkax UTOroBOro mpoekrta CTYIAEHTHl JOJKHBI pa3padoTaTh MPOTOTUI BUPTYaJIbHOMN
MmamuHbl (BM), crmocoOHOI BBINONIHATE MIaTGOPMOHE3aBUCUMBIN 0aliTKOJ C MCIOJIb30BaHUEM
ONTUMMU3UPOBAHHOTO HA0Opa KOMaH, peajn30BaTh aBTOMAaTHYECKOE YIPABICHUE MaMSITbIO U
BHE/IPUTH 0a30BYI0 JIT-KOMIUIAIMIO IS HOBBIIEHUS TPOU3BOAUTEIBHOCTH.

OcHoBHbBIE 32/1a4H NIPOEKTA:

1. ApxurekTtypa 6aliTKo/a U ero BbINOJHEHHE
— CropoekTupoBaTh KOMIIAKTHBIA U ONTUMHU3MPOBAHHBIN HAabOp KoMaH[ OalTKoAa,
BKJTIOYAIOIIUI ornepaiii paboThl C MaMAThIO, CTEKOM U BBI30BAMHU.
— O06ecneunth  MIAaTGOPMOHE3ABUCUMOCTh  OaliTKOAa W MEPEHOCHMOCTh
MIPUJIOKEHUN.
— PeanuzoBare UHTEPIIPETATOP, BHIMOIHIIONIINNA OaNTKOI.
2. ABTOMaTHYecKoe ynpaBJjieHHe NaMAThI0
— PeanuzoBaTh MeXaHNW3M aBTOMATHUYECKOTO BBIJICIICHUS! K OCBOOOXK/ICHUS MaMSTH.
— BHeapuTh 0IMH U3 OCHOBHBIX AITOPUTMOB COOPKH Mycopa (MOACYET CCHUIOK,
MapKUpPOBKa UM KOMMHPOBAHUE).
— TIponeMoHCTpUPOBATH BIMSHKE BHIOPAHHOTO aJIFOPUTMa Ha MPOU3BOJAUTEIBHOCTh
U yCTOMUMBOCTH paboThl BM.
3. JIT-komMnuasuus
— PeamuzoBare npocroit JIT-komnumsTop, mpeodpa3zyromuii 6aifiTKO B MallTMHHBIN
KOJI.
— OnTuMH3UPOBATh TOPAYUE YIACTKH KOJA JUIS MOBBIIIEHUS CKOPOCTH UCITOJHEHUS.
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— OO0ecneunTh COUYETAaHWE TMEPEHOCUMOCTH (uepe3 OalTkom) ¥ 3h(HEKTUBHOCTH

(uepes JIT).
— TloaroToButh aHaNMM3  AJANTHBHBIX
MMPONU3BOAUTCIILHOCTD.

4. IokyMeHTalusl U IeMOHCTPaus

— IloAroTOBUTH TEXHUYECKOE OINMCAHUE aAPXUTEKTYPBI

AJITOPUTMOB U PEIICHUN.
— IIpoBectn  TectupoBaHue U

MPEOCTAaBUTh

ONTUMHU3ALMM M WX BIMSHUSA Ha
BM, wucnomab3yeMsIx
CPaBHUTEJIBHBIA  AHAJIU3

IMPONU3BOAUTCIIBHOCTU C U 0e3 JIT, a TaKXKE€ C pasHbIMH METOJdaMH YIIPABJICHHA

HaMATBIO.

— IIpenctaBuTh IPOEKT B BUJE MPE3EHTAIIMU C IEMOHCTpaIeld padoThI.

Kpurepun oneHuBaHus:

e Apxurekrypa OaiiTkona
Peanuzarus uHTEpHpeTaTOpa
ABTOMAaTHYECKOE YIPABJICHUE MTAMSITHIO
JIT-xoMounsanms
JIoKyMeHTaIus U IPE3CHTAIHS
TectupoBaHue U aHAIHU3 PE3yIbTATOB

33}13HI/IH IJIA l'lpOMe)KyTO'lHOﬁ aTTeCTallui 110 JMCHUIIJINHE (MO)Iy.]IlO)

Ne o/t 3amanme OtBer KomMmnerenmnus
1 YkaxxuTe OCHOBHOM (hopMaT KoJia B apXUTEKType OaiTkox YK-1

Oaritkoma JVM.

2 HazoBute nporiecc mpoBepKu KJIaccoB HA BEpUPHUKAIUSL YK-1
cooTBeTcTBHE crierudukaimsam JVM nepes
3arpy3Kou.

3 VYkaxxuTe MeTo]l BBITTOJIHEHUS OaiiTkoa 6e3 UHTEpIpeTanus YK-1
KOMITHJISIIIAK B MAIIMHHBIN KOJL.

4 Hazosure mexanusm JVM aist 06pabOTKH YCIOBHBIX | YHIpaBlIeHHE HOTOKOM YK-1
MEPEX0I0B B NOTOKE MCHOIHEHHSL.

5 YKaxkuTe MoAX0A K YCKOPEHUIO UHTEPIPETATOPa ONTUMU3ALUS YK-1
0aliTKo/1a yepe3 KIIUPOBAHUE. WHTEpIpeTaTopa

6 HazoBute 0a30BbIil MPUHLIMIT BBIACICHNS AMSATH B kyda (heap) OIIK-2
JVM st 00beKTOB.

7 VYKakuTe KOIMIECTBO MOKOJIICHUH B CTaHAapTHON tpu (young, old, OIIK-2
MOKOJICHYeCKOoi cOopke Mmycopa JVM. permanent/metaspace)

8 Hazosute anroputm GC, ucnons3yronmi KOIUPYIOIINH OIIK-2
KOIIMpOBaHHE ISl young generation. KOJJIEKTOP

9 YKaXute METPUKY IJIs1 OLICHKU YTE€UYEK MTaMsTH B npodunpoBka OIIK-2
JVM. namsITH

10 HasoBute Maremarnueckuii METO/ OLIEHKH BPEMEHHU AHAJIN3 OCTAaHOBOK OIIK-2
nay3 GC B JVM. (stop-the-world)

11 VYKaxnuTe TN KOMIHJISTOPA, IpeoOpas3yromero JIT-komnumsITOp [K-3
0alTKOJ B MAIIMHHBIN KO BO BPEMs BHIIIOJITHEHUSI.

12 Ha3sosure npounecc yaanenus ontumuzauuii JIT npu JEONITUMU3ALIN IK-3
M3MEHEHUH MOBEACHMSI KOJA.

13 VYkaxwure crpareruto JIT 1jig KOMOWIALANA YacTO ropsiaas Touka (hot TIK-3
BBITIOTHIEMBIX METOJIOB. spot)

14 Hasosure anroputm ornruMuzaiiu koaa B JIT s dead code elimination I1K-3
yCTpaHEeHHs MEPTBOTO KOJIa.

15 VYkaxuTe MoAX0J K MHTerpanuu noacuctem JVM MHOT'OIIOTOYHOCTh [K-3

I TapaJiJICJIbHOT'O BEIITOJIHCHUSA.
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16 Hazosure 6a3oByto ctpykTypy JVM mns xpanenus KJIacCOBasl UEPAPXUS [K-2
KJIACCOB M METOJIOB.

17 YKaxXuTe MaTeMaTHYECKYI0 MOAEIH /ISl OLIEHKH mark-sweep-compact IK-2
MPOU3BOUTEIBHOCTH COOPKH Mycopa.

18 HazoBuTte nponecc Bepudukanmum 6aiiTkoaa Kak JIOCTHXKUMOCTD IK-2
3aJa4y B TEOpUH rpadoB. COCTOSIHUH

19 Yxkaxute MeTpuky MacmrtabrupoBanus JVM B napasien3M MOTOKOB IK-2
MHOTOIPOIIECCOPHBIX CHCTEMAX.

20 HazoBute cpaBHUTEIBHBIN actiekT V8 (ais JIT-xoMmunsIHS IK-2

JavaScript) mo otHOmEHUIO K JVM.

DNEeKTPOHHBIA JOKYMEHT




		2026-02-17T17:53:04+0300
	АНО ВО "ЦЕНТРАЛЬНЫЙ УНИВЕРСИТЕТ"




